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Performance character is t ics  of the turbine In a 547 turboJet 
engine were determined in an investigation of the complete engine 
In the  NACA L e w i s  a l t i t ude  w i n d  tunnel. T h e  engine was operated 
over a range of engine speed8 at  various simulated conditions  of 
a l t i t ude  and flight Mach number w i t h  tbree e a a u s t  nozzle.$ of dif-  
ferent   out le t  area. Turbine performance variables are presented as 
functions of corrected engine speed. 

The turbine  operated at an efficiency of approximately 0.80 
over a range of oorrected engine speeds from 4000 t o  8400 rpm at 
a l l  flight conditions and wlth exhaust-nozzle-outlet areas rang- 
ing from 280 t o  342 square inches. With the standard exhaust- 
nozzle-outlet  area,  the  corrected turbine ges flow was limited 
t o  about 39.2 pounds per second  by turbine-nozzle choking, and 
the maximum turbine pressure  ra t io  at  a flight Msch number of 
0.85 was limited t o  2.64 by  choking at the exhaust-nozzle  outlet. 
At a given corrected engfne speed and w i t h  a given exhaust-nOZZle- 
out le t   area,  the only turbine performance variable affected by 
changes in  a l t i t ude  at a given flight Mach number was the  corrected 
turbine speed, which decreased a8 the altitude  increased. 
Increases in flight Mach number a t  a given  alt i tude raised the 
corrected turbine speed, the turbFne pressure ra t io ,  and the tur- 
bine  temperature  ratio at corrected engine speeds below 7500 rpm. 
A t  a given flight condition, enlarging the  e-uat-nozzle-outlet 
area increased the  corrected turbine speed, the turbfne temperature 
r a t io ,  and the turbine pressure ra-bio, and reduced the  corrected 
turbine gaa flaw at corrected engine speed8 aljove 5000 rpm. 

An investigation has been conducted in the NACA Lewis 
a l t i t ude  wind tunnel t o   de t emfne  the over-all performance, the  
component performance, and the operat ional   character is t ics  of 
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a 547 turbojet  engine.  The  inveetigation wae conducted  over a 
wide  range of simulated  altitudes and fliat Mach  numbers  through- 
out the  operable  range of englne epeede. The use of three exhauet 
nozzles of different  outlet area extended the range of engine 
operatinn  over  which the components  could  be  investigated. Over- 
all angine performance, campressor  gerfonaance, and engine oper- 
ational  characteristics are preeented In references 1, 2, and 3, 
respectively. 

Perfornaanoe data are presented in this report t o  ehow the 
characteristics of the  turbine  operating as an integral 
of the engine. Typical  results are graphically  presented to ehow 
the  effscte of ohangee in altitude,  flight Mach number, and exhamt- 
nozzle-outlet area on turbine pelrformdnce. All  turbine-performance 
data obtained m e  given in tabular form. 

The 547 turbojet engine (fig, 1) w e d  in th is  investigation has a 
static sea-level thrust  rating of 5000 pounds at an englne speed 
of 7900 r p m  and a turbine-outlet  tempsrature  of 1275O F. At this 
rating,  the  air flow is 94 pound6 per eeccrad. The  principal c m -  
ponente of the engine are a 12-stage axlal-flow ompressor, 
eight  cylindrical dimct-flow-type combustion  chambere, a single- 
stage impluse turbine, a  tail pipe, snd a n '  exhaust nozzle. The 
standard  exhaust-nozzle-outlet area for the engine inveetigated 
W&E 280 square  inches, which wa8 the area  with  which  the  limiting 
tUrbine-oKtlet  temperature, 1275' F, could  be  obtained  at  rated 
engine speed and approximately  etatio  sea-level  conditione. 
Exhaust  nozzlee having outlet areas of 302 and 342 square inches 
were also US&. 

The single-stage impulse turbine (fig. 2) wed in t h i s  
engine delivers approxhately 12,000 horeepower at rated $68- 
level Conditione. The turbFne drives the o m p e e o r  di- 
rectly by m e a n s  of a hollow shaft. Air is extracted from 
the compressor f o r  turbfne cooling, 

The eng3n.e was mounted an a w a  section that spanned the 
20-foot-diameter bet section of the altitude wind tunnel 
(fig. 1). Dry refrigerated a b  was suppued to the engine in- 
let  through a duct fram the tunnel make-up air  syatem. 
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Press& and temperature instrumentation was instalh~ a t  

inlet to t a l  pressure was masured by tubes located in the 
lead.ing edges at five turbine stator blades (fig. 4) .  
Pressure and temprature lnstrwnentatian a t  the turblne 
outlet is shown in figure 5. Cmp-essor instmmntat im 
is shown in reference 2. Inatrumen-batian at each 
station was sufficient- exbensive to m W z e  the 
effects of ncmmUom radial and circlanferentiaL f l o w  

.. several stations through the engine (fig. 3). Turbine- 

.I 
(u 
rl 

rl distribution. 

Dry refrigerated air was supplied t o  the engine at  the 
standard  temperature f o r  each flight condition,  except that the 
minimum temperature  obtained was about -20' F. The air was 
throttled from approximately sea-level  pressure t o  the  total  
pressure that would exist at the engine inlet  w i t h  complete 
free-stream ram-preseure recovery at each flight condition. 

Turbine-performance data were obtained w i t h  each of the 
three exhaust nozzles over 8 range of pressure altitudes from 
5000 t o  50,000 fee t  and a ran@ of simulated flight Mach numbers 
from 0.21 t o  0.97.  A l l  the  turbine data obtained with each 
exhaust nozzle are presented in table I. The symbole and the 
methods used t o  calculate the results  are given in the appendix. 
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The performeance  vsriablee,  turbine  efficiency, turbine 
preeeure  ratio,  turbine  temperature  ratio,  corrected  turbine  epeed, 
and oorreoted turbine gas flaw, are presented  a6  functione of 
corrected engine speed. By this method of preeentaticm  the 
turbine performame characterietios  at any given  oondltion of 
engine  operation may be  obtained and correhted rlth the per- 
formance  oharacterlstics of the other  campanente. Tmioal data 
are presented 3n figure6 6 to 8 to shar the  effects  of  altitude, 
flight  Mach number, and exhauet-nozzle-outlet  area on the  perform- 
ance of the  turbine  operating as an integral part of the engine. 

Effect of Altitude 

Turbine performance  data are preeented in figure 6 for 
engine operation  wfth  the e t a n d d  exhaust-noezle-outlet  area  at 
a  flight Mach number of 0.21 over a  range of altitudes from 5000 
to 45,000 feet. At a given corrected  engine speed, chuq3ee in 
altitude had no effect on any of the turbine  performance  variablee 
except  the  corrected  turbine  speed,  which waa reduced 88 the 
altitude  incwtased. 

As the correoted engine ape& was increased from about 
2000 to 8400 rpm, with the standard  exhauet-nozzle-outlet  area 
aad at a flight  Mach  number of 0.21, the  turbine  performance  at 
all  altitudes wae as follows: 

Turbine  efficiency. - Within the aoouraoy of measurement, 
a constant turblne efficiency of apgrorlmately 0.80 was obtained 
at all  corrected engine speeds above 4000 rpm. 

Turbine preesure and temperature  ratloe. - Turbine  preesure 
ratio ref3Ohed a peak value of 2.60 at a corkected engine epeed 
of 7750 rpm, the-speed at which  choking  occurred in  the exhaust 
nozzle. A peak turbine temperature  ratio of 1.21 was obtained 
at a correoted  engine a p e d  of approximately 7000 rpm. The 
relatian between turbine preeeure rstio and turbine  temperature 
ratio  after  exhauet-nozzle  choking  occurred i e  dieaussed 
subeequently. 
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Corrected turbine speed. - The reduction  in  corrected  turbine - speed when the  pressure  altitude was increased above 15,000 feet  
at a constant corrected engine speed was csused by a r i se  in the 
ratio of turbine-inlet temperature t o  engine-inlet temperature. 
The r i s e  in th i s  temperature r a t io  was brought about by a  decrease 
in  compressor efficiency (reference 2) ,  which was aesociated with 
a decrease in campressor-inlet Reynolds number (reference 4) .  
The decrease in campreasor efffciency  forced  the  turbine to 

rl 

d 

rl exbract more energy per  pound of gas in order t o  maintain a fixed 
N . corrected engine speed; an iacrease in the r a t io  of turbine- 

inlet  temperature to  engine-inlet temperature was therefore 
required. 

Corrected turbine gas flow. - The correoted  turbine gss flow 
increased with correoted engine speed until   the engine reached 
the comeoted speed at which the turbine pressure ra t io  was about 
1.8. A t  a l l  higher speeds and pressure  ratios  the  correct& gas 
flow was approximately constant  with an sverage value of 39.2 pound6 
per  second, which indicated that the flaw in  the  turbine-nozzle 
throat had re8Ched sonic  pelocity. 

Ef!fect of Flight Mach Number 

Turbine performance data obtafned fram engine operation 
with the standard e&a~t-nozzle-outlet  area at an alt i tude of 
25,000 fee t  over a range of flight Mach nmibers From 0.21 to 0.97 
are presented in  figure 7 .  The.effecta of flight Mach number on 

the engine were as follows: 

- 
.. the performance of the  turbine  operating  as an integral par t  of 

Turbine efficiency. -. Variation of flight Mach number had 
no apparent  effect on the  turbine  efficiency at  a given corrected 
engFne speed 

Turbine pressure and temperature ratios. - A t  any given 
corrected engine speed below 7750 rpm, the  turbine  pressure and 
temperature r a t i o s  were raised  as  the flight Mach  number lncreased. 
A t  oorrected engine speeds above 7750 rpm, increases in flight 
Mach number had no appreciable  effect on the turbine  pressure 
and temperature retioe. As the flight Mach  number was Increased 
f r o m  0.21 t o  0.85, the peak turbine pressure r a t i o  inoreased 
frqm 2.60 at a corrected engine speed of 7750 rpm t o  2.64 at  
6300 rpm. The peak turbhe  pressure r a t i o   a t  each flight Mach 
number was reached at the corrected engine speed at which exhaust- 
choking occurred. The peak turbine temperature ratio increased - 
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from approXtmately 1.21 at a corrected  engine  speed of 7000 r p m  
to  about 1.23 at 6200 r p m  as the  flight M m h  number  increased 
from 0.21 to 0.85. 

Correuted  turbine  speed. - When the flight  Mach number was 
inoreased  at any glven oorrected engine speed below 7500 rpm, 
a reduction in the  ratio of turbine-inlet  temperature to engine- 
inlet  temperature  occurred,  which  increased  the  corrected  turbine 
speed. At  corrected engine speed8  above 7500 r p m  the corrected 
turbine  speed wa8 raised by an increase in flight  Mach  number 
from 0.21 to 0.52, but was unaffected by f'urther  increases  in 
flight Mach number. The peak  corrected  turbine  speed at an 
altitude of 25,000 feet was approximately 4010 rpm at a flight 
Mach  number bf 0.21 and approximately 4080 rpm at all  flight 
Mach  numbers  above 0.52. 

Corrected  turbine gas flow. - Over the range of corrected 
engine speeds in vhich  the  turbine pressure ratio was greater 
than 1.8, variations in flight  Mach  number had no effect on 
corrected  turbine  gas  flow.  At lower corrected -ne Bpeeds, 
corrected gas flow may hahe been  affected  by  changes in flight 
Mach number; however, sufficient data  to clearly define the trend 
in this  region were not  obtained. 

Effect of Efhauat-Hozzle Area 

Turbine  performance  data  are  shown in figure 8 for eng-lne 
operation  with  each of the  three  efhaust-nozzle areas at an 
altitude of 25,000 feet and a flight  Mach nwiber of 0.21. The 
effects of variation in e&aust-nozzle-outlet  area an the  turbine 
performance  variablee were a8 follows: 

Turbine  efficiency. - Within t h e  accuracy of meaeurement, 
increases in exhauet-nozzle-outlet  area had no dfacernible  effect 

, tWbin8 efficiency. 

Turbine  preasure and temperature  ratios. - At any given 
corrected engine speed above 5000 rpm, the  turbine  preseure and 
temperature  ratioa fncreaaed when the exhaust-nozzle area wae 
enlarged. When the e&aust-nozzle-outlet mea enlarged from 
280 to 342 square bches, the maximum turbine preesure ratio 
inoreased from 2.60 to  approximately 3.10. At the flight  condition 
f o r  which  data are ahcrwn in figure 8 ,  exhaust-nozzle choking wae 
encountered only with  the  standard  exhaust-nozzle-outlet area; 
therefore,  with the two larger  e&aust-nozzle-outlet  areas, max- 
imum  turbina preeaure ratio was obtained  at  the  highest  corrected 
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engFne speed. &e peak turbine teqerature rat io   increased 
from 1 . 2 1 t o  1.26 as the exhaust-nozzle-outlet area increased 
from 280 t o  342 square inches, and the corrected e q l n e  speed at  

4 which the peak temperature ratio  occmred  increaeed from7000 rpm 
N t o  approximately 7500 rpm. rl 

4 

Corrected  turbine  speed. - A t  any given  corrected engine 
speed, increasing the  exhaust-nozzle-outlet ares lowered the 
ttirbine-inlettemperature and thereby raised the corrected turbine 
speed. The maximum corrected  turbine speed increased from 4000 %o 
4550 rpm whan the e&auet-nozzle-outle’b m e a  was enlarged from 280 
t o  342 square inches st an a l t i t ude  of 25,000 feet and a flight 
Mach m b e r  of 0.21. 

Correoted turbine -8 flow. - The corrected turbine gas flow 
curve8 shown in figure 8 were obtained by fairing through data 
f o r  engine operati& w i t h  each of the t h e e  exhaust-nozzle-outlet 
areas  a t  several  a l t i t u d e s  and flight Mach numbere. In the range 
of corrected engine speede a t  which turbine preesure r a t i o s  were 
greater than 1.8, enlarging the exhaust-nozzle-outlet area from 
280 t o  342 square inches caused a decrease of approximately 
2.5 percent   in  the corrected turbine gas flow. The analy t ica l  
expression  derived i n  reference 5 indicates that when the turbine 
nozzle is choked the correated turbine gas flow i e   d i r e c t l y  
proportions1 t o  the effective  throat area. On the basis  of suoh 
an analysis, the r d u c t i a n  in  corrected-turbine gas flow that accompa- 
nied an increase i n  exhaust-nozzle-outlet ares can be a t t r ibu ted  
only t o  a reduction in the effective flow area at  the turbine-nozzle 

.. 

- throat .  

Effect of Exhaust-Nozzle Choking 

The effect of the simultaneous  choking of the turb+e nozzle 
and the exhaust nozzle on the turbine  temperature and pressure 
r a t i o s  can be shown by mean8 of the following  analysis: &en the  
turbine  nozzle is choked, 

where Kq ie proport ional   to   the  effect ive turblne-nozzle throat 
area modified by a f’unction of  y. Similarly, for s choked exh8nst 
nozzle, - 
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Dividlng  equation (2) by  equation (1) gives 
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I- 
t 
t- 
I- 

where C is a canetant nearly equal to the  ratio of the  exhaust- 
nozzle-outlet area to the  effective  turbine-nozzle  throat area. 

In addition to the  relation  between the turbine preesure and 
temperature  ratioe given in equatian (3), a relation exiets among 
these two variables and the  turbine  efficiency. Turbine efficiency 
ie defined as 

T6 1 -  5 

When the relation sham in equation (3) is applied to equation (4),  

Beauee the  effective  turbhe-nozzle-throat  area cannot be 

accurately meaeured, experimental values of '4'6 were plottea 

BB a f'unotion of exhaust-nozzle preseure  ratio in figure 9 t o  determine - @E- 
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the value of C for operaticm  with the standard exhaust nozzle. 

value of C was consteat at about 2.38. 
- For exhaust-nozzle  pressure  ratios above 1.92 (choking), the 

The relation  between  turbine  efficiency  qt and turbine. 
pressure  ratio ~ 4 / p 6  aa given by  equaticm (5) is shown graphioally 
in figure 10 for operation  with the standard exhust nozzle, whep 
C was 2.38 and yt ranged from 1.31 to 1.35. This relation shows 
analytically  that when the  turbine  nozzle and exhaust nozzle are 

4. simultaneously  choked any appreciable  change in the  pressure  ratio 

effioiency. If the  turbine  effioiency range is limited to the 
range  between 0.76 and 0.84 sham In f igures 6 (a) and 7 (a), the 
preseurs  ratio  must  be  between 2.58 and 2.65 and the corresponding 
limits an the  temperature  ratio, as calculated f’rom equation (3), 
are 1.18 and 1.24. This  analysis is  confirmed by the experimental 
data presented in figures 6 and 7.  

rl. 

r r  cu acroes  the  turbine must result from large chaqps in turbine 

-am an investigation of 8 complete J47 turbojet engine in 
the NACA Lewis altltude  wind tunnel, the turbine  perf‘armsnce is 
summarized as follows: 

d 1. A constant  turbine  efficiency of approzinaately 0.80 was 
obtained  over a  range of corrected engine speeds frm 4000 to 
8400 r p m  at all  flight  conditians and with  erhaust-nozzle-outlet 
-ea8 ranging from 280 to 342 square inahes. 4 

2. When the  engine #as operated with  the standard  exherust- 
nozzle-outlet area, choking at the turbine-nozzle  throat  limited 
the corrected  turbine gas flow to spproximatefy 39.2 pounda  per 
second, ernd choking at the exhaust-nozzle outlet limited the 
maximum turbine pressure ratio to a value of 2.64 at a flight 
Mach number of 0.85. 

3. Increases in altitude  at  a given flight  Mach number and 
corrected engine epeed  caused a decrease in the corrected 
turbine speed, but had no effect on turbine  pressure  ratio, 
turbine tenperatwe ratio, or corrected  turbine gas flow. 

4. Increases in flight Maoh number  at  a given altitude 
increased the corrected  turbine speed at any corrected engine - speed b e l m  1500 rpm. When the exhaust nozzle was  not choked, the 
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turbine  preesnre and temperature  ratio8 at a given  corrected 
engine speed we= also raised  by  increases in flight Mach number. 
A t  turbine pressure ratios above 1.8, variationa in f l ight  Mach 
number had no effect 011 the corrected  turbine gae flow. 

5. At any given correoted engine speed above 5000 r p m  at 
a given fl ight condltim, enlargfng the erhauet-nozzle-outlet 
area  increased the corrected  turbine  speed and the turbine 
pressure and temperature  ratios and decreased  the  corrected 
turbine gas flaw. 

6. In the region of exhaust-nozzle chokhg the  turbine 
p r e e s m  ratio waa approximately groportioaal to the equ&re 
root of the turbine temperature ratio, end increases in corrected 
engine speed csused vf3ry l i t t l e  change in these two variables. 

Lewia Flight PrOp1l8 iC1r i  hboratory, 

Cleveland,  Ohio. 
National Advimry Committee for Aeronautics, 
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Symbols 

rl A cross-sectional area, sq ft 
cu d 
rl C constant derived in equation (3) 

C P specific  heat  at  cnnstant  pressure, Btu/(lb) (OR) 

P 

R 

T 

T4/T6 

T i  

t 

V - 

acceleration due to gravity, 32.17 ft/sec2 

enthalpy,  Btu/lb 

constant of proportianality 

Flight Mach  number 

SIl&le speed, 

total preeeure, lb/sq ft  abeolute 

ram-pressure  ratio 

qxhaust-nozzle pressure ratio 

static pressu~w, lb/aq ft absolute 

gas canstant, 53.3 f t - lb / ( lb)  (9) 

total  temperature, OR 

turbine  temperature  ratio 

indicate&  temperature, OR 

static  temperature, OR 

vilooity, f t /sea 
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Wa air flow, lb/sec 

W f  f ue l  flow, lb/hr 

we gas flow, lb/sec 

wY 

wz aft turbine  cooling-air flow, lb/sec 

compressor leakage air flow, lb/eec 

Y r a t i o  of specif ic  heats for  gases 

8 pressure oorreotion factor, P/2116 ( t o t a l  pressure 
divided by HACA standard sea-level pressure) 

q t  turbine adiabatio  efficienup 

e temperature correction  factor, f l /  (1.4) (519) (product 
of 7 and t o t a l  temperature div ided  by product of 
y and temperature f o r  air at NACA standard sea-level 
conditions) 

Subsoripts : 

4 

6 

7 

C 

n 

t 

free-atream conditians 

engine i n l e t  

cmpreeeor I n l e t  . 

ccu~rpreesor out le t  

tu rb ine   in le t  

turbine out le t  

efiaust-nozzle out le t  

cmpreesor 

turbine-nozzle throat 

turbine 
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Generalized  parameters: 
? 

& 4@4 corrected  turbine gas flow, lb/sec 

N/ fi corrected engine speed, rpm 

N/ fi corrected  turbine  speed, rpm 

Methods of Calculation 

Plight Mach number. - Simulsted  flight Mach number was 
calculated from ram-pressure  ratio  by  the follwing relatian, 
in which  complete  rsm-preseure  recovery at the engine inlet is 
assumed : 

4 "  dwj 7 (6 1 

Temperatures. - Statiu  temperature YSB calculated from - indicated  temperature, using the  impact  reoovery  factor of 
0.85 for the type of thermocouple ueed. 

. 

Total temperature pras calculated by the US8 Of the  sdi8batfc 
relati-  betveen  temperatures and Pr~SSUreS- 

Temperature lUe88WSlWnt6 were O b t U i n e d  by means Of t h e m -  
oouples us 8ll statione  exoept the turbine inlet, atation 4. 
Beoause  direut  measurement of' tmperature at thie  station was 
not praotioal,  turbine-inlet t o t a l  trsmperature wae evalaated 
by the folloving method : 
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Neglecting aoaeseory power and bearing Itriatian, the turbine 
power equal8 the  power  requirements of the  compressor. 

or 

With  measured values of Tl, T3, and T6, value8 of El, H3, 
and were obtained from a temperature-enthalpy  chart and 
used in equation ( 8 8 )  to calculate Hq. The  turbine-Inlet 
temperature T4 m a  then determhed fram H4 by mearm of the 
temperature-enthalpy ahart. 

Turbine gas flow. - The gas flow through the  turbine ie 
given by the following equation: 

n u a - w s - w c + -  Wf 
'€334 3600 

Campressor leakage air flow W and ait turbine cooling-air Y 
flaw W, were &&ermined frasa temperature and preeaure 
measuramente. Fnel flow Wf ysa measured by a calibrated 
rotameter. Englne-inlet air flow W, VCLB determined from 
temperature and pressnre  measuramente in the inlet cowl by 
uee of the  equation 
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Turbine  efficiency. - Adiabatic  efficiency of the turbine 
was calcnlsted as followe: 

The numerator is the  actual enthalpy drop aoros8 the turbine and 
the dencanibator is the  adlabatic  enthalpy drop aoro88 the turbine. 
Born equation fll), the  turbine  efficiency may be expressed as 
follows : 

- ” I 

1 -(%) yt 

Values of y were b a e d  on the average  temperature 
t 

and the  fuel-air  ratio of the gases flowing through the turbine. 

nmmmw 
#. 
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r un A l t l W  

- 
2 
1 

5 
4 
5 

7 
6 

8 
9 

10 
11 
12 u 
14 
16 
16 
17 
18 
19 
20 
21 
22 
as 
24 
23 

87 
28 
89 
30 
51 sa 
M 
SL 
s6 
36 
s7 
a8 
59 
4a 
41 
42 u 
U 
66 
16 
4 7  
4 8  
i s  
6 0  
5 1  

53 
34 
56 
18 
57 
58 
3 9  
SO 
51 
32 
53 sc 
95 
38 
17 
38 
39 
70 
A 
R 

a6 

sa 

E. 

,IY)S6U? 
R" 

ratio 
'dQ0 

- 
LOS7 
1.W 

1.039 
1.036 

1.035 
1. os4 
LOS3 
1. os4 
1.038 
1.052 
1.- 
1.030 
1.080 
1.050 
1.028 
1.031 
1.028 
1.204 
l .a l0  
1.211 

1.205 

1.m 
1.203 

1.m 
1.m 
1. os7 
1.091 
1. OSB 
1.035 
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(b) ' Inlet side ae twbine rotor. 

F-e 2. - Turbine wed in investf@3tian. 
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(b) Turbine pressure ratio. 
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(a) Turbine temperature ratio. 
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(a) Correoted turbine speed. 
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(a) Rtrblne effiaienay. 
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(d) Correoted turbine speed. 
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(b) Turblne pressure  ratio. 
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(a) Corrected tarbine speed. 



w m 

W 
I 

" 

Figure 9. - =feet of srhpnnt-nozzle presstrpe ratio on relation between turm pressare 
ratio awl turbina temperabe ratio. lkhaust-mzfie-outlet area, 280 square inabes. 

m 
2 - 
0 

I 

. .. . .  . . .  



HACA RM E9KIO 39 

, 

1.m 

.80 

.60 

40 

.20 

0 
1 

Turbine pressure ratio, P&PS 

Ffgure 10. - Relation between turbine sffiaienoy an& turbine pressure 
ratio for oondition of simultaneousl ohoked turblne and exhaust 
POZZ~~I. Caloulated from equation ( B ) with C = 2.58, 
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